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Single-partile potentials in Hartree-Fok approximation for dierent hyperon-nuleon (Y N) han-
nels are alulated in the framework of the eetive low-momentum Y N interation V
low k
. In on-
trast to the nuleon-nuleon interation, the available experimental data for the Y N interation are
sare. As a onsequene no unique Y N low-momentum potential V
low k
an be predited from the
various bare potentials. The resulting momentum- and density-dependent single-partile potentials
for several dierent bare OBE models and for hiral eetive eld theory are ompared to eah
other.
PACS numbers: 21.65.-f, 13.75.Ev, 21.30.Fe
I. INTRODUCTION
The understanding of the hyperon-nuleon (Y N) in-
teration is essential to the physis of nulear systems
with strangeness and to the otet of the lightest baryons.
Furthermore, sine e.g. the ore of neutron stars may on-
tain a high fration of hyperons a deeper knowledge of the
Y N interation is also important for astrophysial issues.
In reent years, an inreased interest in exploring nu-
lear systems with strangeness, espeially multi-strange
nulear systems, beomes apparent. The Y N interation
beomes relevant not only when the properties of simple
hypernulei, double strange hypernulei but also when
the prodution of hyperfragments in relativisti heavy-
ion ollisions are studied. It also strongly inuenes the
omposition and behavior of dense nulear matter. For
an reent overview of hypernulear physis see [1℄.
Unfortunately, the details of the Y N interation are
known very poorly. On the one hand, there exist only
a very limited amount of sattering data from whih
one ould onstrut high-quality Y N potentials based
on meson-exhange. The existing data do not onstrain
the potentials suiently. On the other hand, theoret-
ial analyses, espeially for many-body systems, do not
seem to produe unambiguous results [2, 3℄. For exam-
ple, this unertainty is immediately demonstrated in that
six dierent parameterizations of the Nijmegen Y N po-
tentials t equally well the sattering data but produe
very dierent sattering lengths, see e.g. [4℄. In order
to improve the reliability of available hyperon-nuleon
and even hyperon-hyperon potentials forthoming exper-
iments at the planned J-PARC and FAIR failities are
indispensable. Reently, rst lattie QCD simulations on
the Y N interation have been performed [5℄. In [6℄ the
ndings on the lattie onerning some aspets of ΛN
sattering are onfronted with results of the hiral ee-
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tive eld theory (χEFT ).
For the nuleon-nuleon interation a unique low-
momentum eetive potential is obtained [7℄. This
uniqueness is lost in the Y N ase due to the less on-
straint bare potentials. Given that there are signiant
dierenes between various Y N potentials it will be in-
teresting to see how those dierenes reet themselves
in the hyperon single-partile potentials.
In this work we therefore wish to ompare various Y N
potentials and determine their similarities and dierenes
in a dense baryoni medium. For this purpose we alu-
late the Y N single-partile potentials and ompare dier-
ent low-energy sattering results. The potentials are ob-
tained in a Hartree-Fok approximation with an eetive
low-momentum Y N potential V
low k
. The V
low k
is on-
struted from several bare Y N potentials [8, 9℄. Sine we
work with isospin-symmetri nulear matter, whih on-
tains no hyperons we an neglet the hyperon-hyperon
(Y Y ) interation. This is advantageous sine the Y Y in-
teration is even less known and onstrained than the Y N
interation. It has been reently shown that in the on-
strution of the Y Y interation, at leading order χEFT ,
only one additional operator, whih is not present in the
Y N interation, appears. The strength of this operator
an be roughly estimated from existing data on double
hypernulei [10℄.
The outline of the paper is as follows: In the next Se-
tion we rst introdue the denition and formalism of
the eetive low-momentum potential V
low k
for the Y N
interation. The V
low k
is obtained as a solution of an
renormalization group equation, whih needs bare Y N
potentials as initial ondition. We introdue and dis-
uss in the following some properties of the bare Y N po-
tentials, used in this work and present some low-energy
sattering quantities. The following setion, Se. III, is
devoted to the alulation of the single-partile potentials
in the Hartree-Fok approximation. Results for symmet-
ri nulear matter, the partial-wave ontribution to the
single-partile potentials and a omparison to other ap-
proahes are shown. Finally, we end in Se. IV with a
summary and onlusion.
2II. LOW-MOMENTUM INTERACTIONS
We onsider hyperons (Y = Λ,Σ+,Σ0,Σ−) with
strangeness S = −1 in an innite system of nuleons
N omposed of equal numbers of protons p and neu-
trons n. We onsider densities around nulear satura-
tion density ρ0 ≈ 0.16 fm
−3
orresponding to a Fermi
momentum kF,0 = 1.35 fm
−1
. The eletromagneti in-
teration is swithed o. There exists only a very lim-
ited amount of sattering data with whih one an on-
strut phenomenologial potentials. These potentials are
used as initial ondition for solving RG equations, whih
lead to eetive low-momentum Y N interations V
low k
's.
From these dierent eetive V
low k
's we nally alu-
late the single-partile potential for the Λ-hyperon. We
start with a brief review of the onstrution of the low-
momentum Y N interation. Details for several bare Y N
potentials within the RG framework used here an be
found in Refs. [8, 9℄.
A. Constrution of V
low k
The starting point for the onstrution of the V
low k
is the half-on-shell T -matrix, T (q′, q;Ey), whih is deter-
mined by the nonrelativisti Lippmann-Shwinger equa-
tion in momentum spae. The on-shell energy is de-
noted by Ey while q
′
, q are relative momenta between
a hyperon and nuleon. An eetive low-momentum
T
low k
-matrix is then obtained by introduing a uto
Λ in the Lippmann-Shwinger kernel thus integrating
the intermediate-state momenta up to this uto. At
the same time, the bare potential in the oupled-hannel
partial-wave Lippmann-Shwinger equation are replaed
with the orresponding low-momentum potential V
low k
,
Tα
′α
low k,y′y(q
′, q;Ey) = V
α′α
low k,y′y(q
′, q) +
2
π
∑
β,z
P
Λ∫
0
dl l2
V α
′β
low k,y′z(q
′, l)T βα
low k,zy(l, q;Ey)
Ey(q)− Ez(l)
. (1)
The labels y, z indiate the partile hannels, e.g. y =
Y N and α, β denote the partial waves, e.g. α = LSJ
where L is the angular, J the total momentum and S
the spin. In Eq. (1) the energies are given by
Ey(q) = My +
q2
2µy
, (2)
with the redued mass µy =MYMN/My and total mass
My = MY + MN of the hyperon MY and the nuleon
MN .
Finally, the eetive low-momentum V
low k
is dened
by the requirement that the T -matries are equivalent for
all momenta below this uto
Tα
′α(q′, q;E) = Tα
′α
low k
(q′, q;E) , q′, q ≤ Λ .
The V
low k
thus obtained is non-hermitian but never-
theless phase-shift equivalent hermitian low-momentum
Y N interations an be obtained. Sine the low-
momentum T -matrix, T
low k
must be uto-independent,
i.e. dT
low k
/dΛ = 0 an RG ow equation for V
low k
dV
low k
(k′, k)
dΛ
=
2
π
V
low k
(k′,Λ)T (Λ, k; Λ2)
1− k2/Λ2
(3)
an immediately be derived. Instead of solving this ow
equation with standard numerial methods (e.g. Runge-
Kutta method) diretly, the so-alled ALS iteration
method, pioneered by Andreozzi, Lee and Suzuki, is
used [11, 12, 13℄. This iteration method is based on a
similarity transformation and its solution orresponds to
solving the ow equation. Details about the onvergene
of the ALS iteration method, applied for the oupled
hannel Y N interation, an be found in [8℄. For the
hyperon-nuleon interation with strangeness S = −1
two dierent basis systems, the isospin and the partile
basis of the bare potentials are available. We will use the
latter.
Furthermore, in our investigations only the diagonal
elements of the matries are needed. Therefore, we will
shorten our notation further and introdue the abbrevi-
ation V α
′α
y′y (q
′, q)→ V αy (q) for all diagonal quantities.
B. Bare potentials
In order to solve the ow equation (3) a bare poten-
tial as initial ondition for the ow has to be hosen. In
this work several initial Y N potentials, the original Ni-
jmegen soft ore model NSC89 [14℄, the series of models
NSC97a-f [4℄ also by the Nijmegen group and a reent
model proposed by the Jülih group [15℄, labeled as J04
in the following, are used. All these models are formu-
lated in the onventional meson-exhange (OBE) frame-
work. They involve a set of parameters, whih have to
be determined from the available sattering data. These
are the oupling onstants of the orresponding baryon-
baryon-meson verties and uto parameters for the ver-
tex form fators. Due to the sare Y N sattering data
base these parameters annot be preisely xed in on-
trast to the NN interation, where a lot of sattering
data are available. In order to onstrut onsistently on-
ventional OBE models for the Y N interation one usually
assumes avor SU(3) onstraints or G-parity arguments
on the oupling onstants, and in some ases even the
SU(6) symmetry of the quark model and adjusts their
size by ts to NN data. The major oneptual dier-
ene between the various onventional OBE models on-
sists in the treatment of the salar-meson setor, whih
plays an important role in any baryon-baryon interation
at intermediate ranges. In ontrast to the pseudosalar
and vetor meson setors it is still an open issue who
are the atual members of the lowest-lying salar-meson
SU(3) multiplet, what are the masses of the exhange
partiles and how, if at all, the relations for the oupling
3onstants, obtained by SU(3) avor symmetry, should
be applied. For example, in the older versions of the Y N
models by the Jülih group [16, 17℄ a titious σ meson
with a mass of roughly 550 MeV, arising from orrelated
ππ exhange was introdued. The oupling strength of
this meson to the baryons was treated as a free parame-
ter and nally tted to the data. However, in the novel
Jülih Y N potential [15℄ a mirosopi model of the or-
related ππ andKK¯ exhange is established in order to x
the ontributions in the salar σ- and vetor ρ-hannel.
This new model inorporates also the ommon one-boson
exhange parts of the lowest pseudosalar and vetor me-
son multiplets. The orresponding oupling onstants are
determined by SU(3) avor symmetry and the so-alled
F/(F+D) ratios are xed by the pseudosalar and vetor
meson multiplets by invoking SU(6) symmetry.
In the Nijmegen Y N models, NSC89 [14℄, NSC97
[4℄ and in the reently extended soft-ore model for
strangeness S = −2 ESC04 [18, 19℄ the interation is gen-
erated by a genuine salar SU(3) nonet meson exhange.
Besides the salar-meson nonet two additional nonets,
the pseudosalar and vetor SU(3) avor nonets are on-
sidered in all Nijmegen models. In addition, Pomeron ex-
hange is also inluded, whih provides additional short-
range repulsion. Nevertheless, there are a few onep-
tual dierenes in the various Nijmegen models. In the
NSC97 models the strength parameter for the spin-spin
interation the magneti F/(F + D) ratio is left as an
open parameter and takes six dierent values in between
a range of 0.4447 to 0.3647 for the six dierent mod-
els NSC97a-f. In the original Nijmegen SC89 model this
parameter is onstrained by weak-deay data. Further-
more, the NSC97 models inlude additional SU(3) avor
breaking, whih is based on the so-alled
3
P0 model [20℄.
The preditions of the above mentioned models an
be ompared with an another approah, the so-alled
hiral eetive eld theory (χEFT ) to nulear intera-
tions, whih is based on hiral perturbation theory (for
reent reviews see e.g. [21, 22, 23℄). The major benet of
the χEFT is the underlying power ounting sheme, pro-
posed by Weinberg [24, 25℄, that allows to improve the
alulations systematially by going to higher orders in
the expansion. In addition, higher two- and three-body
fores an be derived onsistently in this framework. Fur-
thermore, the eetive potential is expliitly energy in-
dependent in ontrast to the original Weinberg sheme.
Within χEFT the NN interation has been analyzed
reently to a high preision (N
3
LO) [26℄. To leading
order (LO) the NN potential is omposed of pion ex-
hanges and a series of ontat interations with an in-
reasing number of derivatives whih parameterize the
singular short-range part of the NN fore. In order to
remove the high-energy omponents of the baryoni and
pseudosalar meson elds a uto Λ dependent regulator
funtion in the Lippmann-Shwinger (LS) equation is in-
trodued. With this regularized LS equation observable
quantities an be alulated. The uto range is limited
from below by the mass of the pseudosalar exhange
mesons. Note, that in onventional meson-exhange
models the LS equation is not regularized and onver-
gene is ahieved by introduing form fators with or-
responding uto masses for eah meson-baryon-baryon
verties.
So far, the Y N interation has not been investigated
in the ontext of the χEFT as extensively as the NN
interation. A reent appliation to the Y N interation
by the Jülih group an be found e.g. in [27℄. Analo-
gous to the NN ase, the Y N potential, obtained in LO
χEFT , and onsists of four-baryon ontat terms and
pseudosalar meson (Goldstone boson) exhanges, whih
are all related by SU(3)f symmetry. For the Y N intera-
tion typial values for the uto lie in the range between
550 and 700 MeV (see e.g. [26℄). At LO χEFT and for
a xed uto Λ and pseudosalar F/(F +D) ratio there
are ve free parameters. The remaining interation in the
other Y N hannels are then determined by SU(3)f sym-
metry. A next-to-leading order (NLO) χEFT analysis
of the Y N sattering and of the hyperon mass shifts in
nulear matter was performed in [28℄. However, in this
analysis the pseudosalar meson-exhange ontributions
were not taken into aount expliitly but the Y N sat-
tering data ould be desribed suessfully for laboratory
momenta below 200 MeV using 12 free parameters. One
ambiguity in this approah is the value of the η oupling
whih is identied with the otet η8 meson oupling and
not with the physial η meson. The inuene of this am-
biguity on the data desription an be disregarded [29℄.
Sine there are sare Y N sattering data available,
it has not been possible yet to determine uniquely the
spin struture of the Y N interation. Nevertheless, all
of the above mentioned OBE models are onsistent with
the measured Y N sattering observables. In addition,
all of these potentials inlude the ΛN − ΣN onversion
proess.
C. Low-energy sattering
In order to obtain further insight into the separation
of sales for the evolution of the low-momentum V
low k
we investigate its uto dependene. A ommon fea-
ture of all Y N potentials is the long-range one-pion
exhange (OPE) tail. In general, the RG deimation
eliminates the short-distane part of the bare potential
and preserves the model-independent impat of the high-
momentum omponents on low-momentum observables.
In this sense, the ambiguities assoiated with the unre-
solved short-distane parts of the interation disappear
and a universal low-momentum Y N interation V
low k
an be onstruted from phase shift equivalent bare Y N
potentials.
The mentioned hierarhy of sales an be seen e.g. in
the Σ−n hannel, see Fig. 1. The V
low k
matrix elements
for vanishing momenta are shown as a funtion of the ut-
o Λ for the 1S0 partial wave. When Λ is dereased, the
resulting V
low k
beomes more and more attrative. For
41S0 and a uto Λ ∼ 500− 250 MeV Vlow k beomes ut-
o independent. Dereasing the uto further below the
2π exhange threshold, whih orresponds to a k ≈ 280
MeV, the uto insensitivity disappears sine the pion
ontributions are nally integrated out.
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FIG. 1: V Λ
low k
(0) in 1S0 partial wave for various bare po-
tentials as a funtion of the uto Λ in the Σ−n hannel.
Predition from eetive range theory (lines) are added.
In the opposite diretion, i.e. for Λ → ∞ no utua-
tions have been integrated and V
low k
tends to the bare
potential.
The limit Λ → 0 of V
low k
should yield the sattering
length. In the limit of small utos an analyti solution
obtained in the framework of the eetive theory, see [30℄,
is given by the expression
Vy(0) =
[
2
µy
a0
− 2
Λ
π
]−1
for Λ→ 0 , (4)
where we have simplied our notation in an obvious man-
ner. Here, the sattering length a0 is needed as input,
whih we have alulated in the standard eetive range
approximation diretly from the T -matrix for the 1S0
hannel from the V
low k
. In this approximation the T -
matrix for q ≤ Λ an be expanded as
q cot δ0 = −
1
2µyTy(q, q; q2)
= −
1
a0
+
1
2
r0q
2 , (5)
where r0 is the eetive range. The results for all dier-
ent Y N avor hannels and for all bare OBE potentials
and the χEFT potential used in this work with utos
between 550 and 700 MeV are listed in Tab. I for the
sattering length a0 in units of fm and in Tab. II for the
eetive range r0 also in units of fm.
As an be seen from Fig. 1 there is good agreement
for small uto values Λ between the analytial expan-
sion and the full V
low k
solution obtained from the ow
equation.
Λp Λn Σ0p Σ0n Σ+p Σ+n Σ−p Σ−n
NSC97a -0.71 -0.76 -2.46 -1.74 -6.06 -0.04 0.41 -6.13
NSC97b -0.90 -0.96 -2.47 -1.72 -5.98 -0.04 0.41 -6.06
NSC97 -1.20 -1.28 -2.41 -1.70 -5.90 -0.03 0.41 -5.98
NSC97d -1.70 -1.82 -2.38 -1.68 -5.82 -0.03 0.41 -5.89
NSC97e -2.10 -2.24 -2.38 -1.68 -5.82 -0.03 0.41 -5.90
NSC97f -2.51 -2.68 -2.45 -1.74 -6.07 -0.05 0.42 -6.16
NSC89 -2.70 -2.72 -2.12 -1.57 -4.79 -0.09 0.23 -4.85
J04 -2.14 -2.11 -2.24 -1.63 -4.68 -0.18 0.04 -4.75
χEFT550 -1.80 -1.79 -1.76 -1.15 -3.82 0.12 0.31 -3.88
χEFT600 -1.80 -1.80 -1.25 -0.92 -2.70 0.10 0.20 -2.72
χEFT650 -1.80 -1.80 -1.43 -1.02 -3.06 0.09 0.21 -3.10
χEFT700 -1.80 -1.80 -1.50 -1.07 -3.19 0.06 0.20 -3.24
TABLE I: Sattering lengths a0 of V
low k
for dierent avor
hannels in units of fm for the
1S0 partial wave.
Λp Λn Σ0p Σ0n Σ+p Σ+n Σ−p Σ−n
NSC97a 5.87 6.12 4.58 0.60 3.28 -6602 24.8 3.27
NSC97b 4.93 5.10 4.68 0.59 3.29 -8491 25.0 3.28
NSC97 4.11 4.23 4.79 0.57 3.30 -10670 25.4 3.29
NSC97d 3.46 3.53 4.91 0.54 3.30 -17115 25.4 3.29
NSC97e 3.19 3.24 4.90 0.52 3.29 -17326 25.2 3.29
NSC97f 3.03 3.09 4.60 0.51 3.25 -6341 24.1 3.24
NSC89 2.86 2.98 5.76 0.74 3.35 -1478 58.0 3.33
J04 2.93 3.09 3.76 1.04 3.32 -329 1232.0 3.30
χEFT550 1.73 1.84 6.10 -2.96 2.70 -825 34.1 2.68
χEFT600 1.77 1.88 5.32 -2.12 3.40 -780 10.2 3.39
χEFT650 1.75 1.86 5.10 -2.28 3.08 -1210 27.6 3.05
χEFT700 1.74 1.86 4.91 -2.17 2.97 -2450 34.8 2.95
TABLE II: Eetive range r0. Labeling is the same as in
Tab. I.
Unfortunately, no general quantitative onlusion an
be drawn from Tab. I and Tab. II due to the bad exper-
imental situation for the Y N data. The Y N interation
is yet largely unknown. However, agreement of the sat-
tering length of all NSC97 potentials exept for the Λp
and Λn hannels is found. This deviation is related to
the dierent ts of the magneti F/(F +D) ratio in the
Nijmegen potentials [4℄. The remaining two potentials,
NSC89 and J04, have dierent but omparable values to
those of the NSC97 ones. Unfortunately, the dierene
between these potentials and the χEFT potential is large.
Fig. 2 shows the same matrix element as in Fig. 1 but
for the
3S1 partial wave. Unlike to the
1S0 hannel, Vlow k
for the
3S1 hannel is still uto dependent. This an
be traed bak to the dierent short-range behavior of
the two hannels. In the
1S0 hannel the potential has
an strongly repulsive ore while in the
3S1 hannel the
short-distane part is strongly attrative. Hene, dur-
5ing the RG deimation towards smaller uto values, the
potential gets more and more attrative.
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FIG. 2: V Λ
low k
(0) similar to Fig. 1 for the 3S1 hannel.
III. SINGLE-PARTICLE POTENTIALS
Generally, the single-partile potential U(p) is dened
as the diagonal part in spin and isospin spae of the
proper self-energy for the single-partile Green's fun-
tion. In the Hartree-Fok approximation for a uniform
system it represents the rst-order the interation energy
of a partile with inoming momentum p and given spin
and isospin with the lled Fermi sea. For the Y N intera-
tion the hyperon-nuleon single-partile potential UY (p)
desribes the behavior of the inoming hyperon Y with
momentum p in the nulear medium, i.e. its interation
with a lled Fermi sea of nuleons. The ground-state
energy of nulear matter in rst approximation is then
obtained by integrating U(p) over the inoming momen-
tum, spin and isospin and adding the kineti energy. Pi-
torially, the ground-state energy is represented by losed
Goldstone diagrams. By utting one line, symbolizing
the hyperon propagator, in eah orresponding Goldstone
diagram the UY (p) is obtained.
In the following, the alulation of the momentum- and
density-dependent UY (p) in the Hartree-Fok approxima-
tion is presented for symmetri nulear matter.
A. Hartree-Fok approximation
The single-partile potential UY (p) for a hyperon with
momentum p = |~p| is obtained from the diagonal el-
ements of the low-momentum potential matrix, V αy (q),
where the labeling introdued in Eq. (1) has been used.
In a plane-wave basis it splits into two terms, the (diret)
Hartree- and the (exhange) Fok-term [31℄.
V αy (q) = V
α
y (q)
∣∣
direct
+ (−1)L+S V αy (q)
∣∣
exchange
. (6)
Sine the low-momentum potential is given in the partial-
wave basis we perform a hange of basis with the result
UY (p) =
∑
α,MS ,ML
fα
∑
N
tmax∫
tmin
dtP 2LML(t)
qmax∫
qmin
dqq2V αy (q) , (7)
where ~q = (MY ~k −MN~p)/My denotes the relative mo-
mentum between the nuleon
~k and hyperon momentum
~p. The PLML(t) are the assoiated Legendre polynomials
of the rst kind with the argument t = ~ˆp·~ˆq, where the hat
labels an unit vetor. The quantity fα is the short-hand
notation for the square of the Clebsh-Gordon oeients
fα =
(
L S J
ML MS MJ
)2
2L+ 1
2π
(L−ML)!
(L+ML)!
, (8)
and the MJ , ML and MS are the orresponding proje-
tions of the total J , angular momentum L and spin S,
respetively.
The integration boundaries of UY (p) in Eq. (7) are
derived in the following: For vanishing temperature the
momentum of the nuleon
~k is restrited by the Fermi
momentum
~kF , i.e. 0 ≤ k ≤ kF , and kF is diretly
related to the proton or neutron density ρN via
k3F = 3π
2xNρB . (9)
Here xN = ρN/ρB desribes the ratio between the proton
or neutron and total baryon density. The inequality 0 ≤
k ≤ kF an be reformulated as
M2y q
2 +M2Np
2 + 2MyMNqpt−M
2
Y k
2
F ≤ 0
whih has the solution for the relative momentum q
q−(kF , p, t) ≤ q ≤ q
+(kF , p, t)
with the denitions
q±(kF , p, t) =
MN
My
[
p · t±
√
M2Y
M2N
k2F − p
2(1− t2)
]
.
(10)
Sine the relative momentum q is a real quantity this
further onstrains the integration variable t to
t ≥
√
1−
(
MY
MN
kF
p
)2
(11)
whih is only valid if the hyperon momentum is p ≥
MY
MN
kF . In this ase this nally determines the integra-
tion limits as
tmin =
√
1−
(
MY
MN
kF
p
)2
; tmax = 1 ;
qmin =q
−(kF , p, t) ; qmax = q
+(kF , p, t) (12)
6beause the modulus of t is always smaller or equal one.
For the ase that the hyperon momenta p ≤ MY
MN
kF the
funtions q±(kF , p, t) are always real whih then yield the
integration limits
tmin =− 1 ; tmax = 1 ;
qmin =0 ; qmax = q
+(kF , p, t) . (13)
In Fig. 3 the integration limit funtions q± are shown
as a funtion of t for three dierent hoies of the hyperon
momentum (p < MY
MN
kF , p >
MY
MN
kF , p =
MY
MN
kF ) and a
xed kF .
t
q±(t)
q
+ ,
p
<
M
Y
M
N
kF
q
+ ,
p
=
M
Y
M
N
kF
q
+ ,
p
>
M
Y
M
N
kF
q
− ,
p
<
M
Y
M
N
kF
q
− ,
p
=
M
Y
M
N
kF
q
− ,
p
>
M
Y
M
N
kF
FIG. 3: q±(kF , p, t) as funtion of t for dierent hoies of p
and xed kF .
Thus, the integration limits are known analytially and
nally the UY (p) are alulated via Eq. (7) numerially
with standard integration methods.
B. Symmetri nulear matter
For symmetri nulear matter the ratio in Eq. (9) has
to be xed to xN = 1/2. As an example, the numerial
solution of Eq. (7) for the full momentum and density de-
pendent single-partile potential of the Λ hyperon with
momenta up to 500 MeV and nulear densities up to 6ρ0
is shown in Fig. 4 where as bare potential for the underly-
ing V
low k
alulation the NSC97f model of the Nijmegen
group has been used. One sees that with inreasing den-
sity, the momentum dependene beomes stronger, indi-
ating that the eetive mass beomes lower for larger
densities.
Similarly, Fig. 5 shows the full momentum and den-
sity dependene of the Σ− potential in symmetri nulear
matter based on the NSC97f potential. Here, the slope
of the momentum dependene is less pronouned, whih
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FIG. 4: Momentum and density dependene of UΛ(p) for sym-
metri nulear matter. As bare potential the NSC97f was
used.
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FIG. 5: Similar to Fig. 4 for UΣ− (p).
leads to a weaker density dependent eetive mass. How-
ever, unlike to the Λ ase, the urvature beomes nega-
tive at higher densities leading to an larger eetive mass
than the bare mass.
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FIG. 6: UΛ(p = 0) as a funtion of density in symmetri
nulear matter. The square represents the empirial point
UΛ(p = 0) ≈ −30 MeV [32℄.
The density dependene for several Λ potentials at rest
(i.e. p = 0) in symmetri nulear matter is ompared in
Fig. 6. The square represents the generally exepted em-
pirial potential depth of UΛ(p = 0) ≈ −30 MeV. This
value has been reently onrmed by an analysis of the
(π−,K+) inlusive spetra on various target nulei as
best ts in a framework of a distorted-wave approxima-
tion [32℄. While most potentials an reprodue this value,
the Jülih potential (J04) yields a stronger binding while
the old Nijmegen potential (NSC89) underestimates the
binding.
With the exeption of the J04 and NSC89 potentials,
all others agree up to the saturation density. However,
with inreasing density, the dierenes between these po-
tentials grow, leading to dierent bindings at rest. This
will have onsequenes for the preditions of the Λ hy-
peron onentration in dense nulear matter. In partiu-
lar, this will aet the maximum mass of neutron stars.
It is interesting to observe that even the Nijmegen po-
tentials NSC97a-f are dierent from eah other at higher
densities, sine the only dierene between the bare po-
tentials NSC97a-f is the F/(F +D) ratio.
In the past, the potentials NSC89 [33℄ and NSC97a,f
[3℄ have also been used as a basis for a single-partile
potential alulation in the G-matrix formalism. These
G-matrix alulations yield a more attrative Λ potential.
For example, at saturation density a potential depth of
−29.8MeV is found for the NSC89 potential, the NSC97a
gives −39.7 MeV, and the NSC97f −36.6 MeV. On the
other hand, a omparison with another G-matrix alu-
lation [4℄, whih uses a dierent presription for interme-
diate state spetra, yields similar results to ours.
In Fig. 7 the momentum dependene of the Λ potential
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FIG. 7: Momentum dependene of UΛ(p) at saturation den-
sity in symmetri nulear matter.
at saturation density for various Y N potentials is shown.
While all potentials inrease with inreasing momentum,
the slopes deviate of eah other. Similar dierenes in
the momentum behavior of the single-partile potentials
are also seen in other works, f. e.g. [33, 34℄.
1S0
3S1
1P1
3P0
3P1
3P2
3D1 UΛ
NSC97a -4.86 -27.79 1.70 -0.10 2.10 -2.03 -0.09 -32.12
NSC97b -6.69 -27.40 1.86 0.05 2.53 -1.87 -0.09 -32.72
NSC97 -9.06 -27.54 1.96 0.36 2.84 -1.72 -0.09 -34.42
NSC97d -12.14 -26.05 2.22 0.64 3.54 -1.33 -0.08 -34.46
NSC97e -13.92 -24.43 2.43 0.75 4.09 -1.03 -0.07 -33.50
NSC97f -15.37 -20.85 2.85 0.68 5.09 -0.47 -0.05 -29.49
NSC89 -15.73 4.52 2.00 0.52 2.55 -3.46 -0.07 -10.84
J04 -9.55 -35.18 -0.15 -0.70 0.58 -3.17 -1.31 -50.28
χEFT550 -11.11 -15.46 1.50 -1.69 3.17 -0.07 -3.14 -27.14
χEFT600 -12.29 -11.39 1.50 -1.73 3.17 -0.07 -6.14 -27.37
χEFT650 -11.99 -6.70 1.50 -1.77 3.17 -0.07 -9.90 -26.27
χEFT700 -11.91 -1.77 1.50 -1.81 3.17 -0.08 -13.84 -25.35
TABLE III: Partial wave ontributions to the Λ potential
UΛ(p = 0) at ρB = ρ0 in symmetri nulear matter.
In addition, Eq. (7) annot only be used for the alu-
lation of UY (p), but also to extrat the individual partial-
wave ontributions to the total potential. These ontri-
butions are obtained by negleting the summation over
the LSJ quantum numbers in Eq. (7), whih we label in
the following as UY (
2S+1LJ). In Tab. III and Tab. IV
the resulting partial-wave ontributions to UΛ and UΣ− ,
respetively, are listed for several Y N interations at van-
8ishing momenta at saturation density.
1S0
3S1
1P1
3P0
3P1
3P2
3D1 UΣ−
NSC97a 3.51 -4.87 -2.16 0.59 1.46 -2.41 -0.01 -4.73
NSC97b 3.58 -5.37 -2.14 0.63 1.54 -2.31 -0.01 -4.91
NSC97 3.48 -6.50 -2.12 0.68 1.59 -2.18 0.00 -5.86
NSC97d 3.50 -6.08 -2.02 0.71 1.70 -1.92 0.01 -4.88
NSC97e 3.50 -5.24 -1.94 0.72 1.78 -1.75 0.02 -3.65
NSC97f 3.51 -5.11 -1.85 0.71 1.90 -1.60 0.02 -3.14
NSC89 -4.32 11.46 -0.77 0.93 2.27 -1.49 0.28 7.61
J04 -7.63 1.84 -0.15 0.52 -0.70 -3.37 -3.65 -15.13
χEFT550 2.28 14.69 1.50 -0.20 0.09 -0.01 -2.73 14.11
χEFT600 -3.70 66.26 1.50 -0.28 0.06 -0.01 -5.36 56.89
χEFT650 -2.72 42.41 1.50 -0.35 0.01 -0.01 -8.60 30.38
χEFT700 -2.93 39.93 1.50 -0.41 -0.04 -0.02 -11.60 24.68
TABLE IV: Partial-wave ontributions to the Σ− single-
partile potential UΣ− (p = 0) at ρB = ρ0.
In these tables the partial waves up to L = 2 are shown
and the last olumn ontains the sum up to L = 5. As
expeted, the inuene of the S- and D-waves is the most
dominant one. One an see that the ombination of the
oupled
3S1 and
3D1 hannels provides most of the at-
tration in the majority of the Λ potentials.
These tables also illustrate the dierent ontributions
to the hyperon potentials originating from the entral,
spin-spin, spin-orbit parts of the Y N interation. These
partial waves an than be use to determine the size of
these ontributions, whih ould than be ompared to
other results suh as [4, 35, 36, 37℄. Furthermore, one
an reognize that a hange in the F/(F +D) ratio from
the dierent bare NSC97a-f potentials aets UΛ stronger
than the UΣ.
Another interesting feature is that the
χEFT suessfully reprodues the potential depth at
saturation density. For these densities, the χEFT agrees
well with the Nijmegen NSC97a-f potentials. Fig. 8
shows a omparison of the UΛ(p = 0) density depen-
dene, obtained with the χEFT , with results from
[37℄. Perfet agreement for the UΛ(p = 0) is evident
and the independene of the χEFT potential on the
regulator uto is also seen. This suggests that the two
approahes in Refs. [38℄ and [37℄ to onstrut an χEFT ,
are losely related. Furthermore, χEFT in leading order
an already produe a reasonable ΛN potential.
Fig. 9 shows the density dependene for several Σ−
potentials at rest in symmetri nulear matter similar to
the previous gure. The other members of the Σ triplet,
Σ+ and Σ0, exhibit an almost idential behavior. A small
dierenes ompared to the Σ− ase is found to be due
to a small dierene in their masses. Therefore, in the
remaining setion we disuss only the Σ− potential. For
UΣ− no density range is found where all or even most
potentials agree. However, the dierene between the
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FIG. 8: Density dependene of UΛ(p = 0) for symmetri nu-
lear matter, ρ = 2k3F /3pi
2
. Full lines are from [37℄ and dashed
lines represent χEFT for various regulator utos.
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FIG. 9: Similar to Fig. 6 for the UΣ− (p = 0).
NSC97a-f potentials is not signiant and is the same
over the entire range of densities shown. This further
onrms that the inuene of the F/(F +D) ratio on the
ΣN interation is less important than on ΛN . Due to
experimental unertainties in ase of the Σ potential, no
generally aepted empirial point an be used as a refer-
ene. On the one hand, reent results [32℄, based on the
distorted-wave impulse approximation, yield a repulsive
potential of the order of 100 MeV. On the other hand,
the analysis of the same data by [39℄ in a semilassial
distorted-wave model and an analysis by [40℄ within a
distorted-wave impulse approximation with a loal opti-
mal Fermi averaged T -matrix nd a less repulsive poten-
9tial. In addition, there exists a bound state of
4
ΣHe [41℄,
whih denitely requires an attrative potential. Thus,
for this ase no onlusive answer on the theoretial as
well as experimental side an be given.
Compared with a G-matrix alulation a stronger
binding for the Σ single partile potential is found. In
partiular, using the NSC89 interation a binding of
−15.3 MeV [33℄ is found while for the NSC97a poten-
tial −29.7MeV and for the NSC97f potential −25.5MeV
are reported [3℄. In order to understand the origin of suh
a signiant dierene the individual partial-wave ontri-
butions to the potential by [33℄ are ompared with eah
other. The
1S0 hannel ontributions are approximately
the same while those for the
3S1 hannel are signiantly
dierent.
This dierene in the
3S1 hannel is present for both
Λ and Σ− potentials and is the results of the dierene
in the treatment of the
3S1 ΛN −ΣN hannel. Sine the
eetive interations are onstruted from V
low k
and the
G-matrix formalisms, respetively, the dierene omes
from the treatment of the attrative part of the bare po-
tentials above the uto. This is similar to the point
made in Fig. 2 where a uto dependene is visible: by
lowering the uto more and more 'attration' is ee-
tively added to the interation. It is also interesting to
note, that the eetive potentials onstruted in the G-
matrix alulations, NSC89 and NSC97a,f depend on the
underlying bare potentials in a similar way as the poten-
tials shown here. This is another sign that the unertain-
ties are inherent in the underlying potentials.
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FIG. 10: Similar to Fig. 7 for UΣ− (p).
In Fig. 10 the momentum dependene of the UΣ− at
saturation density for various Y N potentials is displayed
and illustrates how strongly the results depend on the
parameterization of the Y N interation and reiterates
that the ΣN interation is very poorly onstrained.
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FIG. 11: Density dependene of UΣ(p = 0) for symmetri nu-
lear matter. The full line omes from [35℄ and the dashed
lines represent χEFT results for various values of the regula-
tor uto.
Fig. 11 shows the density dependene of the real part
UΣ(p = 0) and the imaginary WΣ(p = 0) of an opti-
al potential alulation of Ref. [35℄ together with the
results obtained from χEFT . The most interesting fea-
ture here is that all potentials are positive and grow with
inreasing density in ontrast to other potentials. How-
ever, unlike in the ase of the Λ potential, UΣ− depends
on the regulator uto and only χEFT with a uto of
600 MeV agrees with the results of Ref. [35℄ quantita-
tively. As already mentioned earlier, the repulsive Σ−
potential, whih grows with density, has been suggested
by Saha et al. [32℄ by means of an analysis of (π−,K+)
inlusive spetra.
Reently, a alulation of the binding energy of
the Λ hyperon in nulear matter within a Dira-
Bruekner-Hartree-Fok framework was performed us-
ing the most reent Jülih meson exhange Y N po-
tential [42℄. The reported values of the Λ potential
of −51.27 MeV (−47.4 MeV) in Bruekner-Hartree-
Fok (Dira-Bruekner-Hartree-Fok) framework agree
well with our predition of −50.28MeV.
IV. SUMMARY AND CONCLUSIONS
In this paper an appliation of reently onstruted
Y N V
low k
potentials [8, 9℄ is presented. The potentials
were onstruted in a RG formalism and applied to nu-
lear matter. The alulation of the single-partile po-
tential of the Λ and Σ hyperon was performed in the
Hartree-Fok approximation. Sine the V
low k
is an low-
momentum interation, it an be diretly used in the
onsidered range of momenta.
For omparison with other approahes, sattering
lengths and the single-partile potential of several bare
10
potentials were alulated. In ontrast to the NN ase,
it is not possible to obtain a preise t of the Y N po-
tential to all partial waves, due to the inomplete Y N
sattering data base. This deieny is learly visible in
the results obtained.
A few interesting observations are in order, however.
The V
low k
for the Σ−N 1S0 hannel is uto indepen-
dent in between momenta of 250 and 500 MeV, but no
suh independene was found in the
3S1 hannel due to
a strongly attrative short-range part. The results for
the Λ potential are more satisfying sine most of the
potentials agree up to saturation density and reprodue
the empirial point. An interesting observation is that
χEFT in leading order lies among these potentials. How-
ever, for the Σ− potential no suh agreement exists. Un-
fortunately, the present experimental situation for Σ−
does not allow for more stringent onlusions.
Finally, the results are also ompared with other ap-
proahes, [4, 33, 34℄. Most of the results of a G-matrix
alulations yield a stronger binding than we nd. The
dierene omes from the way in whih the attration, es-
peially in the ΣN → ΛN hannels, is treated in the RG
approah. In omparison with χEFT overall agreement
is seen [35, 37℄.
However, the most interesting fat is that dierenes
in approahes, V
low k
, G-matrix and χEFT , are muh
less than the dierenes between the various potentials.
Thus the dierenes we see here are not the result of the
approahes used to onstrut the eetive interation,
but largely reet unertainties in the underlying bare
potentials.
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